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ABSTRACT  The  relationship between cellular  calcium (Ca)  stores  and iso- 
metric contractile  force  was investigated  in isolatcd,  gas-pcrfuscd cat hearts. 
The hearts  were prcperfuscd for  approximately 5 rain  with substrate-free  Krcbs 
solution  modified to  contain  0, 1.25,  2.5,  5.0  or I0.0  mEq/litcr Ca, gas-pcrfuscd 
for up to 120 min, and then perfused with zero-Ca Krcbs solution.  Contractile 
force  and [Ca] in the el:fluent  fluid  were measured. Our results  indicate that: 
(a)  The washout of  Ca was characteristic  of  a three  compartment system. (b)  A 
Ca compartment  directly  associated  with muscle contraction was identified  by 
correlation of the rate  of Ca washout with the rate  of decay of contractility 
(r =  0.79).  (c) Ca content in the compartment was correlated  with contractile 
force (r =  0.77).  (d) Contractile force  and the Ca content of  the compartment 
which was correlated with contractility  approached a steady state  during 120 
rain of gas perfusion. 
INTRODUCTION 
The essential role of calcium (Ca)  in the contraction of the heart has been 
known since the early experiments of Ringer (1). Niedergerke (2) postulated 
from indirect evidence that  the Ca  necessary for contraction is stored in  a 
specific pool in the myocardium, and that with each action potential a  frac- 
tion  of the  stored  Ca  is  released  to  participate  in  the  contractile  process. 
Langer  (3)  and Teiger and Farah  (4)  studied Ca flux in the heart,  but did 
not  correlate  Ca  kinetics  with  changes  in  contractile  force.  L/illman  and 
Holland (5)  and Sabatini-Smith and Holland (6) investigated the changes in 
contractile force when the concentration of Ca in the bathing medium was 
lowered, but did not correlate the observed changes with Ca flux. A  recent 
report  by  Shelburne,  Serena,  and  Langer  (7)  showed  a  close  correlation 
between the kinetics of ~sCa  efflux from a  single compartment and  the de- 
crease in contractile force. However,  the data on contractile force were ob- 
tained  under  different  experimental  conditions than  those  on  45Ca efflux. 
DeCaro  (8)  showed recently that changes in twitch tension after a  decrease 
in  Ca  concentration were  closely related  to  the  changes in  the kinetics of 
4~Ca efltux from a  two compartment system. 
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In  the  present  investigation,  we  have  used  the  gas-perfused  cat  heart,  a 
preparation  in  which  contractility is  not  affected by  the  perfusion  medium 
but  is  determined  entirely by  the  stores  of tissue  Ca.  This  unique  property 
has enabled us  to identify a  single  Ca pool in the myocardium with kinetics 
identical  to  those  of changes  in  contractile  force,  and  with  a  Ca  content 
which is closely correlated with the level of developed tension. 
METHODS 
Experimental Apparatus and Procedures  The isolated  gas-perfused  cat  heart  has 
been described in detail  by Gabel et al.  (9).  The preparation is perfused first with 
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FIGUR~ 1.  Schematic of perfu- 
sion apparatus.  Overflow pres- 
sure regulator in use only dur- 
ing  gas  perfusion.  Isometric 
contractile  tension  was  meas- 
ured on a Grass FT 03 B force 
displacement  transducer.  A 
heating coil is in series with the 
thermostat. 
Krebs-Henseleit  solution,  then  with  a  warmed,  water-saturated  mixture  of 95 % 
O~-5 % GO2. A diagram of the perfusion apparatus is shown in Fig.  1. The apparatus 
was arranged for rapid  substitution  of gas for the liquid perfusion medium or vice 
versa. 
The perfused  hearts were  maintained  in  a  water-saturated  atmosphere at 37°C 
within a  double-walled plexiglass box. Pressures of the perfusates were regulated by 
exhausting the overflow gases into a water column at a depth corresponding to 60 mm 
Hg.  Temperature was  adjusted  to  approximately 37°C  by passage  through water 
heated, spiral glass condensers. Final temperature adjustment to 37.5 ° -4- 0.5°C was 
accomplished by an electric heating coil which was thermostatically regulated by a 
YSI Model 402 Thermistor and a YSI Thermistemp Model 60 temperature controller. 
Cats weighing 0.9-2.0 kg were killed by a blow on the head. The heart was excised L.  E.  BAILEY AND P.  E.  DRESEL  Calcium  and Contractile Force  971 
and  placed into cold Krebs-Henseleit solution.  All  extraneous  tissue was removed. 
The aorta was attached securely to the perfusion apparatus, and small incisions were 
made  in  both ventricles.  A  stainless  steel  clip was firmly attached  to  the  apex.  A 
length  of nylon monofilament line  connected  the  clip  to  a  Grass  FT  03  B  force- 
displacement  transducer.  Resting  tension  was  maintained  at  10  g  throughout  all 
experiments. Isometric tension changes were recorded on a Grass 5D polygraph. The 
clip in the apex also served as an indifferent electrode for pacing the heart. Another 
stimulating electrode was attached to the right atrium and the heart was driven with 
twice threshold  voltage at a  frequency of 168  beats/min by a  Grass $6 stimulator. 
In  several  experiments  two  monopolar  recording  electrodes  were  attached  to  the 
ventricle.  No changes in  the electrogram were observed during  the various experi- 
mental manipulations. 
The liquid  perfusate used  in  all  experiments was  substrate-free Krebs-Henseleit 
solution  gassed with 95% 02-5 %  COs.  It contained  NaC1,  118.0 m_~; KC1, 4.7 rnM; 
KH~PO~,  1.2 n'~; MgSO4,  2.4 mM; NaHCO3,  26.0 re_M; and  CaCAv2H20 in  the 
concentrations  given below.  Radioiodinated  human  serum  albumin  (RISA)  and 
TABLE  I 
DEFINITION OF  SYMBOLS 
Ca. 
[Ca]T 
[Ca]. 
k. 
V~ 
The nth Ca compartment, where n =  I, II, or III. 
Total Ca concentration in effluent at time t (mEq/liter). 
Ca concentration in effluent from nth compartment at time t (mEq/liter). 
Rate constant for nth compartment (sec-1). 
Volume of ith sample of effluent  (rnl). 
8H-inulin were added in several experiments as tracers for the vascular, extracellular 
and nontissue spaces. The perfusion procedure consisted of a 5 min preperfusion with 
Krebs-Henseleit solution  containing  either 0,  1.25,  2.5,  5.0,  or  10.0  mEq/liter  Ca, 
gas perfusion with  95 %  02-5 %  COz for either 5,  60,  or  120  min,  and  reperfusion 
(washout)  with  zero-Ca  Krebs-Henseleit  solution  until  contractile  force  had  de- 
creased to 1 g or less. The solution did not contain a chelating agent. Each heart was 
washed out only once. 
The effluent from the hearts was collected at either  5  or  10  sec intervals during 
washout and the volume of each sample was noted. The hearts were removed from the 
apparatus after washout and the ventricles weighed.  1 ml aliquots of the effluent were 
diluted  to  4  ml  with  0.78%  disodium  ethylenediaminetetraacetic  acid  (EDTA) 
solution for the determination of Ca concentration.  These measurements were made 
with a  Unicam SP-90 atomic absorption spectrophotometer. 
Compartmental Analysis  Graphical  compartmental  analysis  of the  Ca washout 
data was done as outlined by Riggs (10). The symbols used in the analysis are defined 
in Table I. The logarithm of the Ca concentration in the washout was plotted as a 
function of time. Like others (3, 4, 11) we found the washout curve to be characteristic 
of a  catenated three compartment system. However, certain simplifying assumptions 
could be made for our data. Firstly, because Ca diffused into a zero-Ca solution which 972  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  52  •  I968 
was  being renewed  continuously, it  could  be  assumed  that  back-diffusion was  not 
significant.  Secondly, the rate of Ca movement out of Cain was so slow that a slope 
could not be determined for it during the 2-3 min washout period. Movement of Ca 
from Cam was therefore assumed to contribute a constant amount to the washout Ca 
concentration, i.e., could be treated as zero-order diffusion. As shown in Results, the 
concentration of Ca in the effluent when contractile force had decreased to 1 g could 
be regarded as Cain • Therefore, our equation for the washout was: 
[Ca]T =  [Ca]I'e  -kIt --[-- [Ca]n'e  -kH' +  [Ca]IH. 
The halftimes for the washout of Ca and for the decay of contractile force were 
calculated as tl/~ =  0.693. k  -1. The amount of Ca washed out of Can was calculated 
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Fzo~a~ 2. Raw data from a typical experiment  preperfused with 5.0 mEq/liter Ca, and 
gas perfused for  120 re.in. A.  [Ca]  in washout effluent as a function  of time.  Samples 
were collected at 5 sec intervals. The solid line is the least squares best fit line for the data 
points.  B.  Contractile  force  in  the  same  experiment  during washout. 
from the product of the  effluent volumes and  [Ca]n summed  over the  N  samples. 
It is expressed in terms of tissue wet wt as follows: 
Cau content  =  ~]~1 [Ca]n~.V~ 
W 
RESULTS 
Correlation of Calcium Compartments with Contractile Force 
Hearts  were  perfused  for  5  rnin  with  Krebs-Henseleit  solutions  containing 
various  concentrations  of Ca,  gas-perfused  for  5,  60,  or  120  rain,  and  then 
reperfused  (washed  out)  with zero-Ca Krebs-Henseleit solution.  Fig.  2  illus- 
trates results of a  washout in a  heart preperfused with 5.0 mEq/liter  Ca and L.  E.  BAILEY  AND P. E.  DRESEL  Caldura  and Contractile Force  973 
gas-perfused for  120 re_in. Fig.  2 A  shows [Ca] T in  the washout fluid plotted 
on the same time scale as the record of contractility  (Fig.  2 B). The solid line 
indicates  the  least  squares  best  fit  curve.  Contractile  force had  decayed  to 
1 g  after  90 sec.  [Ca]~ had reached an asymptote of 0.104  mEq/liter  at this 
time.  There  was  a  brief decrease followed by an  increase  in resting  tension 
which was maintained for the duration of the washout. These changes in con- 
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FmtmE 3. Graphical analysis of data in Fig. 2 (see Table I for explanation of symbols). 
A. Compartmental analysis of washout data of Fig. 2 A. B. The monoexponential decay 
of contractile force during zero-Ca washout.  Data points were obtained from the con- 
tractility tracing in Fig. 2 B. 
tractility were seen in  the  majority of our experiments.  The initial  decrease 
in  recorded  resting  tension may have  been due  to  the  additional  weight of 
the washout fluid in  the heart.  Zero-Ca washout was continued  in  this  and 
in 41 other experiments for 30-60 sec after contractile force had reached  1 g. 
The mean slope of [Ca] r between the time contractility had decreased to  1 g 
and the time of termination  of zero-Ca reperfusion was 0.005  ±  0.003 sec  -1. 
This  was not significantly different from zero.  The  Ca concentration  at  1 g 
contractile force (0.104 mEq/liter in the example shown) was taken as charac- 
teristic  of a  slowly exchanging  Ca compartment  (Cam)  which was assumed 
to follow zero-order kinetics over the short washout period. 974  THE  JOURNAL  OF  GENERAL  ]PHYSIOLOGY  •  VOLUME  5 2  •  1968 
Fig.  3  A  shows  the  results  of the  compartmental  analysis  of the  data  in 
Fig.  2  A.  A  curve  for  the  labile  Ca  compartments  ([Cain+i,)  was  obtained 
by subtracting  [Ca]in from  [Cain. The  best-fit line for [Ca]H was drawn  by 
inspection  and  [Ca]ii  subtracted  point  by  point  from  the  line  describing 
[Ca]i+1, to yield [Ca],. 
The slope of Ca washout from Cai was very steep,  the halftime  being less 
than 5 sec in this experiment.  The zero-time intercept of Cai became smaller 
as the  Ca concentration  in the preperfusion fluid was decreased,  so that  this 
compartment  was  sometimes  not  clearly  identifiable  in  experiments  with  0 
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FXGURE 4.  Correlation between halftimes of decay of contractile force  and washout of 
Call.  The  solid line indicates the  least  squares  best  fit  straight  line  (r  =  0.79,  P  < 
0.001). 
or 1.25 mEq/liter  Ca preperfusion.  This suggested that  Ca~  was composed of 
Ca  adhering  to  the  perfusion  apparatus  and  contained  in  the  coronary 
vessels. To test this  hypothesis hearts were preperfused with a  Krebs-Hense- 
leit solution containing  l~SI-serum albumin.  The mean halftime for the RISA 
washout in  six experiments was 6.2  4-  1.7  sec. This  value was not different 
from the mean  half-time  of Cai.  The washout curve for "H-inulin  was char- 
acteristic of a  two compartment  system including  a  first compartment whose 
washout kinetics were the same as those of RISA. The halftime of the second 
compartment  of 8H-inulin  washout was longer  than  the  halftime  of Caii  in 
each of four experiments. 
The  values for contractile  force during  zero-Ca reperfusion  (Fig.  2  B)  are L.  E.  BAILEY AND  P.  E.  DRESEL  Calcium and Contractile Force  975 
plotted logarithmically as a  function of time in Fig. 3 B. There is a  striking 
similarity between the slopes of Call washout and of decay in contractility. 
This parallelism was evident in all experiments. Fig. 4  shows the correlation 
between  the  slopes,  represented by  their  respective halftimes,  in  73  hearts 
preperfused with 1.25,  2.5, 5.0, and 10.0 mEq/liter Ca and gas-perfused for 5, 
60,  or  120  rain before washout. The coefficient of correlation was r  =  0.79 
(P  <0.001)  which strongly suggests that Ca~i represents the Ca pool neces- 
sary for the development of contractile tension.  Moreover,  the slope of the 
regression line and its  950/0 confidence limits were 0.96  4-  0.18 which was 
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FxouRs  5.  Correlation of contractile force  with  the  logarithm of Caii content.  The 
solid line indicates the least squares best fit straight line (r  =  0.77,  P  <  0.001).  The 
95% confidence belt shows  the mean of contractile force  to be expected in future ex- 
periments at a given Call content. 
not significantly different from unity. Thus the decay in contractile force is 
directly and linearly proportional to the washout of Cait. 
The means of the halftimes for  decay of contractility and  Caii  washout 
were 45.4  4-  3.2  see and 43.2  4-  2.6 sec,  respectively.  The  halftimes  were 
not correlated with the Ca  concentration in  the preperfusion medium, the 
duration of gas perfusion or the contractile force prior to washout. 
Correlation of Contractile Force with Caz~ Content 
The  similarity  between  the kinetics of Cai~  and  the  decay  of contractility 
during washout indicated that this compartment was closely associated with 
the development of contractile force.  Since the kinetics were independent of 
the level  of contractile  force prior  to washout,  it  seemed possible that  the 
determining factor was  the total  amount of Ca  contained in  this compart- 
ment, which we shall call the Call content. 976  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  5 2  •  ~968 
Ca. content, expressed as mEq/kg tissue wet wt, was calculated from the 
volumes of the samples and the results of compartmental analysis. Fig. 5 is a 
plot of contractile force vs.  the logarithm of Ca,, content. Each point repre- 
sents  a  single  heart.  The  range  in  contractile  force represented  is  due  to 
variation of the Ca concentration in the preperfusion fluid (0-10.0 mEq/liter) 
and of the duration of gas perfusion before washout  (5-120 min; see below). 
Polynomial regression techniques were used to analyze the data.  The coeffi- 
cient of correlation for the straight line in Fig. 5  (r  =  0.77; P  <  0.001)  was 
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FmURE 6. Typical contractile force tracings from three hearts during liquid preperfu- 
sion with 2.5, 5.0, or 10.0 mEq/liter Ca and after 5, 60, and 120 rain gas perfusion. 
The vertical brackets indicate 10 g tension. Note the difference in amplification. 
not improved when equations of higher order were used to fit the data. The 
slope and its 950"/o confidence limits are 9.3  q- 9.2 g/log  (Caii content). The 
950-/o confidence belt for the line (Fig.  5) shows the mean contractile force to 
be expected at a  given Cai~ content in future series of experiments. We con- 
sider the intercept of 0.11  mEq/kg wet wt to be the minimum Ca.  content 
necessary for the maintenance of contractility. However, experiments with 0 
mEq/liter  Ca  preperfusion,  during  which  all  measurable contractions  had 
stopped,  indicated  that  contractile activity cannot  be  initiated  at  Call  con- 
tents which are adequate to maintain contractility. Table II  shows that Ca. 
content  190  min  after preperfusion  in  the absence of calcium was  not  sig- 
nificantly different from that measured 120 min after preperfusion with  1.25 
mEq/liter Ca. Despite this, contractility was not reestablished. This difference 
between  the  initiation  and  the  maintenance of contractility cannot  be  ex- 
plained  at  present.  Ca~  content and  contractile force remained correlated 
after  prolonged  periods  of gas  perfusion.  The  mean  contractility of three L.  E.  BAILEY AND P.  E.  DRESEL  Calcium  and Contractile Force  977 
hearts gas-perfused for 6 hr had declined to 62  4- 4O-/o of that measured after 
2  hr of gas perfusion. The mean Can content of these hearts  had  also de- 
clined to 75  4- 3% of that measured after 120 rain gas perfusion. 
The Steady State of Contractility and Can Content 
An  earlier  report indicated  that  changes  in  contractility with  time during 
gas perfusion were related to the Ca concentration of the preperfusion fluid 
A 
15, 
~mtE @)  lo. 
,-.... 
I  .I .................... 
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DURATION OF GAS  PERFUgON 
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FZGURE 7. The attainment of a steady state of contractile force (A) and of Cazi content 
(B)  during  120  rain of gas perfusion. Preperfusion Ca concentrations shown  are  10.0 
mEq/liter  (broken line),  5.0  mEq/liter  (solid line),  and  2.5  mEq/liter  (dotted line). 
The solid dots and brackets indicate the mean  4- sE. The mean and sE of all observa- 
tions made at 120 rain are indicated by the solid triangles and brackets. 
(The Pharmacologist, 1966,  8:204).  This  has  now  been  examined  in  detail. 
The contractile force of hearts during liquid preperfusion with 2.5,  5.0,  and 
10.0 mEq/liter Ca was related to the Ca concentration. The means 4- s~. were 
7.8  4-  0.8,  lh0  4-  0.9,  and  16.4  4-  1.6  g,  respectively.  Contractile force 
changed during gas perfusion; the direction of the change depended on the 
Ca concentration during preperfusion. Typical records are shown in Fig. 6. 
Contractility  measured  after  120  rain  of gas  perfusion  approached  means 978  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  -  VOLUME  52  -  i968 
which did not differ significantly from one another. The mean of all observa- 
tions made at  120  min was  11.4  4-  0.6 g  (Fig.  7 A).  We have taken this as 
an estimate of the steady state of contractility under our conditions. 
Hearts were washed out with zero-Ca solution at various times after the 
beginning of gas perfusion. The mean changes in Caii content as a  function 
of the duration of gas perfusion are shown in Fig. 7 B. Ca~i content, measured 
after 5  min of gas perfusion was related to the Ca concentration in the pre- 
perfusion fluid.  The  Call  contents approached  means not  significantly dif- 
ferent from  one  another  after  120  min  of gas  perfusion.  The  mean  of all 
measurements made at this time was  1.05  4-  0.09 mEq/kg wet wt which we 
have taken to be  an estimate of the steady state of Call content under our 
conditions.  It  is  of interest that  Call  content and  contractility 5  min  after 
TABLE  II 
Cai~  CONTENT  AND  CONTRACTILE  FORCE  AFTER  120  MIN  OF  GAS  PERFUSION 
Preperfu~ion [Ca] 
0* mEq/liter (5)  1.25 mEq/liter (7)  2.5 mEq/liter  (7)  5.0 raEq/liter  (8)  10.0 mEq/liter  (9) 
0.208  4-  0.045~  0.304  4-  0.051  0.911  4-  0.171  1.202  -4-  0.195  1.020  4-  0.117  Caii  content, 
mEq/kg wet 
wt 
Contractile 
force, g 
0  2.7  4-  0.7  11.1  4-  0.9  12.5  4-  1.0  10.6  4-  1.3 
* Figures in parenthesis indicate number of hearts. 
Mean  -4- sF.. 
preperfusion with 5.0 mEq/liter Ca, a concentration within the physiological 
range, were very similar to those measured at the steady state. 
Steady-state  conditions  of  contractility  and  of  Caii  content  were  not 
achieved if Call was depleted initially by preperfusion with low  Ca Krebs- 
Henseleit solutions. Table  II  shows  that neither parameter approached  the 
steady state described above after 120 min of gas perfusion if preperfusion Ca 
concentrations of 1.25  and 0 mEq/liter were used. 
DISCUSSION 
We have identified a single Ca compartment which appears to be responsible 
for  the  maintenance of contractile  force  in  cardiac  muscle.  Two  different 
lines of evidence have established a direct relation between this compartment 
and contractility. First, the kinetics of washout of Ca from this compartment 
during perfusion with a  zero-Ca solution are identical to those of the decay 
of contractile force.  Second,  the  Ca  content of this  compartment is  closely 
related to the contractile force exerted by the preparation. 
The existence of a  specific pool of calcium necessary to  activate the con- L.  E.  BAILEY AND P.  E. DRESEL  Calcium and Contractile Force  979 
tractile mechanism in  cardiac muscle was first postulated  by L/ittgau  and 
Niedergerke in 1958 (12). Further evidence for the existence of this pool and a 
theoretical development of its  kinetics and relation to contraction was pre- 
sented by Niedergerke (2,  13)  who postulated that Ca flux out of the con- 
tractile pool could be described by a single exponential. Other investigators, 
particularly Winegrad and Shanes  (11),  Ltillman and Holland  (5),  Langer 
and Brady (14),  Langer (3),  and Teiger and Farah (4) have shown evidence 
that several compartments for Ca exist in cardiac muscle, and from indirect 
evidence have  postulated  that  one or  possibly  two  of these compartments 
determine the force of contraction in the heart. 
Our Ca effiux curves are characteristic of a catenated system composed of 
a  rapidly exchanging compartment, Ca,,  with a  halftime of approximately 
5 sec; a second, relatively labile compartment, Call, (t,  A -  43.2 see) associated 
with  the maintenance of contractile tension;  and  a  third,  virtually nonex- 
changeable compartment, Cam. 
The graphical analysis of our washout curves differed from those employed 
by the other investigators. We were unable to detect a  significant slope for 
Cam during the brief 1-3 min washout of our experiments. We have therefore 
considered Ca diffusion from this compartment to be zero-order, and have 
subtracted the Cam measured at 1 g tension from the over-all washout curve. 
The exact tissue source of this Ca is unknown but it probably represents Ca 
tightly bound in tissue sites such as the sarcoplasmic reticulum (15, 16). 
Teiger and Farah (4),  Langer (3),  and others (8,  11) have postulated that 
the source of Ca in the first compartment (their Component 1 and Phase 0, 
respectively) is from the vascular space and Ca contamination of the perfusion 
apparatus. Our experiments with RISA concur with this hypothesis. 
The remaining Ca compartment, Caii, is the compartment associated with 
myocardial contractility. No information could be gained by relating Call to 
the second compartment washout of 3H-inulin, the most suitable indicator of 
extracellular fluid volume under the conditions of our experiments. Inulin 
washout has a much longer halftime than Call, probably because the move- 
ment of inulin is limited by diffusion rather than by flow (17). 
To facilitate comparison with the published observations,  the mean half- 
time for Caii in our experiments, 43.2 see, was converted to the rate constant, 
0.962 min  -1. Langer reported rate constants of k~  =  0.59 min  -1 and k2  -- 0.116 
min  -1, Teiger and Farah reported k2  =  0.329 rain  -1 for the Ca compartments 
they  postulated  to  be  associated  with  contractility.  Thus,  our  effiux rate 
constant  describes  a  compartment which  appears  to  be  kinetically  quite 
different from those of the other workers. We believe that the difference may 
be accounted for by the washout procedures employed in these experiments. 
On the one hand, they measured effiux of *6Ca into a solution containing ~°Ca 
of the same concentration, so that there was no Ca concentration gradient for 980  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  52  •  I9~ 
efflux.  On  the other hand,  we measured  Ca  efflux into a  zero-Ca  solution 
which resulted in Ca diffusion down an infinite concentration gradient. This 
gradient was maintained by continuous renewal of the zero-Ca solution per- 
fusing the heart.  The large gradient and the rapid perfusion rate probably 
allowed only negligible back-flux. Therefore, it  was to be expected that Ca 
flux from a  relatively labile pool would be more rapid  in our experiments 
than under the steady-state conditions of Teiger and Farah,  and of Langer. 
It  is  probable,  therefore,  that  our  Call  corresponds  to  the  compartments 
proposed by Langer (Phases  1 and 2), and Teiger and Farah  (efflux Compo- 
nent  2,  uptake  Component  1)  to  be  responsible  for  the  maintenance  of 
contractions. 
Lfillman and Holland  (5)  and DeCaro  (8)  showed that contractility de- 
creased  in  two  phases  when  the  concentration of Ca  in  the  medium was 
decreased from normal to low levels.  In contrast,  we have found that con- 
tractile force will invariably decay as a single exponential function when hearts 
are perfused with a zero-Ca solution. Our observations are in agreement with 
Sabatini-Smith and Holland  (6)  who showed that  the decay of contractile 
force can be described by a single exponential when atria are transferred from 
4.8  to 0.48  mEq/liter  Ca solutions. Shelburne, Serena,  and Langer  (7)  re- 
ported that contractility decay followed a single exponential in rabbit papillary 
muscles perfused with zero-Ca Krebs solution. However, they have reported a 
rate constant of decay (0.116 min  -I) which is very different from ours (0.983 
rain  -I) and from that reported by Sabatini-Smith and Holland (0.814 min-1). 
No explanation can be given for this discrepancy. 
The  close  correlation  between  contractile  force  and  Call  content  gives 
further  support  to  the  hypothesis  of  a  causal  relation  between  Can  and 
contractility. However,  unlike the linear correlation between the kinetics of 
decay of contractile force and Cali washout, contractile force is a function of 
the logarithm of Cali content. This exponential relationship, considered with 
the linear relation of the kinetic analysis, suggests that a constant proportion of 
Ca is released from Call with each action potential. Our results are therefore 
entirely in accord with the theoretical mechanism proposed by Niedergerke 
(2)  for the release of "activator"  Ca. Estimates of "activator"  Ca concentra- 
tion, determined by direct injection of Ca into skeletal muscle cells  (18),  by 
topical application of Ca  to  myofibrils  (19),  or by injection of a  chelating 
agent into muscle cells  (20)  are in the range of 10-5-10 -4 M. An estimate of 
threshold Call  content from our results,  assuming an  intracellular space of 
0.5  1/kg wet wt, is  10 -4 M. 
If Ca~ content were indeed the determinant of contractile force, any change 
in contractility during gas perfusion must be the result of redistribution of Ca 
between Ca~  and Cam.  Contractile force  does not change in gas-perfused 
hearts over a 2-4 hr period after preperfusion with 5.0 mEq/liter Ca. Loading, L.  E.  BAxt~Y AND P.  E.  DRESEL  Calcium  and Contractile Force  98x 
or limited  depletion  of Ca~l  by preperfusion with  10.0  or 2.5  mEq/liter  Ca, 
respectively, results in gradual changes in contractile force during  120  min of 
gas perfusion  toward  the strength  seen after preperfusion with  5.0 mEq/liter 
Ca. We have shown that these changes in strength of contraction are paralleled 
by the appropriate changes in Caii content. Thus it appears that gas perfusion 
allows  the  reestablishment  of conditions  of contractility  and  of Ca~x  content 
obtaining during or shortly after perfusion with a  physiological concentration 
of Ca (5.0 mEq/liter). This approach to a  steady state indicates that Cam  can 
act either as a  source or as a  sink for Caxi • However, severe depletion of Ca~i 
by preperfusion  with  1.25  or 0  mEq/liter  Ca prevents the  attainment  of the 
steady state.  Contractility  and  Caxx content  are still  correlated  after preper- 
fusion with  1.25 mEq/liter;  they are not correlated  after preperfusion with 0 
mEq/liter  Ca. Within these limits, the gas-perfused heart will serve as a useful 
tool for the study of the effects of drugs on intracellular  exchange of calcium. 
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